iii LIST OF TABLES Traditionally, short-run fuel price elasticities are thought to be inelastic allowing transportation agencies to ignore short-run fuel price changes to some degree when creating future projects and evaluating its economic feasibility. By using driving data collected from The National Evaluation of a Mileage-based Road User Study the fuel price elasticity of vehicle-miles traveled (VMT), as well as the sensitivity of gas prices relative to a historical high price, were estimated for the first year study participants using a panel data set approach with linear regression. The short-run fuel price elasticity of VMT was determined to be -1.71 with a range of -1.93 and -1.48. The elasticities found were significantly higher than the average short-run fuel price elasticity of -0.45 but can be rationalized by the impact poor economic conditions as well as the historically high fuel prices experienced prior to the researches time table had on the individuals driving behavior. The results suggest current short-run elasticities are not inelastic, if this trend continues transportation agencies must re-evaluate how they predict the future funding available for surface transportation projects.
BACKGROUND
The influence of fuel price on VMT is the primary goal of the analysis. However, there are many ways to interpret these influences. The fuel price changes over a given time period could be taken as a single independent change and evaluated as such to create a fuel price elasticity. While fuel price elasticities can be determined for long, medium and short-run periods the focus of this analysis deals only with short-run elasticities.
Numerous studies have been conducted through the years to determine fuel price elasticities with varying results. Studies concluded by Dahl and Sterner (1991) found typical short-run fuel price elasticities of VMT to be -0.26. These elasticities relate that a 10% increase in fuel prices will most likely reduce VMT 2.6% in the short term.
Additionally, Small and Van Dender (2007) found a short-run fuel price elasticity of VMT to be -0.45 on average from 1966-2001. Small and Van Dender's research used aggregated macro data from pooled cross-sectional time-series data at the U.S. State level for their elasticity analysis. By using aggregated data the potential to lose some information and relationships along the way becomes more likely.
Issues arising from consumer choice and behavior, such as how the individual perceives the price and how that affects their driving behaviors, allow for variations of analysis of fuel price changes. Does the individual consumer consciously perceive the price in relation to an all-time high price or rather a short-run comparison of what the gas price was? One such study conducted by Willenborg and Pitts (1977) of consumer behavior with relation to fuel price changes in the long-run and short-run in the mid-1970s suggested that when analyzing consumer behavior it is considerably more beneficial to view their perception of price and subsequent behavior in the short-run. The authors theorized that consumers will in some ways change their driving behavior during the short run but tend to be unaffected by increasing prices over the long-run as they Aug 20, 1990 Aug 20, 1991 Aug 20, 1992 Aug 20, 1993 Aug 20, 1994 Aug 20, 1995 Aug 20, 1996 Aug 20, 1997 Aug 20, 1998 Aug 20, 1999 Aug 20, 2000 Aug 20, 2001 Aug 20, 2002 Aug 20, 2003 Aug 20, 2004 Aug 20, 2005 Aug 20, 2006 Aug 20, 2007 Aug 20, 2008 Aug 20, 2009 Aug 20, 2010 Dollars per Gallon
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important factor in estimating future VMT and thus the amount of money that will be generated by the gas tax. Typically, short-run fuel price elasticities are considered to be inelastic allowing agencies to disregard the impact of short-run price changes when estimating future VMT and funding. However, given the recent fuel price trends it is important that fuel price elasticities are re-evaluated.
METHODOLOGY
A panel data analysis model will be applied to estimate the fuel price elasticity of The RE model differs from the FE model in that the differences between individuals are assumed to be random and uncorrelated rather that fixed. This distinction allows the time-invariant socio-demographic variables to be included and analyzed rather than be absorbed by the intercept as in the FE model, depending on what the particular aim of the research is this can be both a positive or negative.
The key difference in the equation for the RE model is the inclusion of 'ε it ' which is the error term associated with the variables within each individual, such as socio-demographic time-invariant variables. The other distinction between the models is the error term 'u it ' only represents the errors associated with variables that occur between the individuals, such as price using panel data regression it is assumed that the error terms for a given individual will be uncorrelated over time and the standard deviations of the error terms will be consistent over time. However, this may not be the case. To control for it robust standard errors will be used to calculate heteroskedasticity and autocorrelation consistent standard errors.
Additionally, a time-lagged variable will be included to address any autocorrelation issues. For further statistical detail and background on the panel data analysis regression models please refer to Introduction to Econometrics by Stock and Watson (2007) .
DATA
The data used in the following research was taken from The National Evaluation of a Mileage-based Road User Charge Study. Although, the study was preformed for two sets of participants over two years only data collected from year one was used in this research. The study involved approximately 1,200 volunteer participants throughout the United States whose vehicles were outfitted with an on-board computer unit with Global
Positioning Systems (GPS) to obtain total vehicle miles traveled data on a daily basis.
The fuel price information used in the research was obtained from purchasing city specific average daily fuel prices from the website 'www.GasBuddy.com'. By using selfreported micro data instead of aggregated macro data the analysis will have a higher resolution that allows the investigation of individually revealed behavior.
The socio-demographic information was obtained from the participants through between the different socio-demographic variables and VMT as well as the justification of the variables for being included in the base model will be explained below.
Age
The age of the vehicles primary driver was included in the base model to assess how the data set fits within general knowledge on the influence of age on VMT. It is generally accepted that older drivers, after age 49 and on, will drive fewer miles than younger primary drivers, with the exception of 16 and 17 year-old primary drivers.
Individuals' ages 18 through 49 drive significantly more miles while the differences in VMT within their age ranges were statistically insignificant as illustrated in Figure 2 .
Another way to interpret the impacts associated with age is to classify the individual based on where in their life cycle they are. Much of the VMT-age groupings can be attributed to this form of classification. Although, the individuals' life cycle classification was not explicitly available from the Road User Study's data the age variable and additional variables can be an indirect measure of this impact. 
Student Status
Whether or not the individual was a student was included in the base model and is an indirect measure of life cycle classification. It is expected that students on average will drive less than a non-student individual. This coincides with the decline in VMT associated with the 16 and 17 year-old individuals.
Gender
Gender was included in the base model to capture the differences in the travel patterns of men and women. In general men drive significantly more miles per year then women. However, the nature of their travel is considerably different. Women will tend to make more trips, but of smaller distances, than men. Although, current VMT trends suggest that the gap in VMT and travel behavior between men and women is closing as societal trends driving the difference change according to Sloboda and Yao (2005) . Income was included in the base model, however, because income is highly correlated with education level only one of the two variables will be included in later models. 
Education
Education level was chosen ahead of income because the validity of the income values associated with the individuals is more likely to be incorrect because they were self-reported by the individual who is more likely to provide inaccurate information regarding income than education level. 
Employment Status
Whether or not the individual was employed can also have a significant influence on the individual's VMT as individuals who are employed will make significantly more trips and have a much higher VMT. Because of its predictive qualities the individual's employment status was included in the base model. The site the individual was selected from was brought into the analysis using dummy variables. The sites can be generally differentiated into rural and urban sites.
Rural roads make up an overwhelming majority of the roads in the United States. As of 1996 there was 3,092,773 miles of rural road compared to only 826,677 miles of urban road. However, despite the considerable difference in miles of road associated with rural and urban roads, urban roads experienced considerably more VMT than rural roads, 1,522,139 million VMT urban to 960,063 million VMT rural. Individuals from states and sites that are characterized as more urban than rural should have higher VMT Avgoustis (1999) .
Miles Per-Gallon Rating
The MPG rating used in the research is based off the type of vehicle the participant had outfitted with the OBU for the RUS study. Research by the Federal Highway Administration using 2001 National Household Travel Survey data found a general pattern that the average MPG rating of the vehicle type was inversely related to the annual miles driven for that vehicle type according to.
With reference to Table A7 comparing the average car with the average Van, SUV or Pickup cars, all of which had a lower MPG rating, the lower MPG rating had significantly fewer annual miles.
Self-reported Political Scale
The effects of a drivers self-reported political scale on the drivers VMT, if any, has not been significantly researched. Consequently, the inclusion of a political scale variable in the analysis will not serve as an additional check for the models validity. Any significant relationships found will be purely for secondary investigation.
RESULTS
The research's final model utilized a RE model with a robust panel structure. The RE model was chosen over the FE model primarily because the analysis of the impacts of the participants' socio-demographic variables was of great interest and value. How the participants' socio-demographic variables affected the model and how the results coincide with generally accepted patterns was important. The FE and RE models were both statistically appropriate to use given the data used. A robust standard errors method was used to control for any heteroskedasticity and autocorrelation that may occur.
The impact of fuel prices on VMT was primarily analyzed using SPSS, STATA and Microsoft Office. The analysis of fuel price was interpreted in two different ways.
The first and primary method was analyzing the relationship using an average monthly unleaded fuel price while the second method evaluated the fuel price as the difference between the fuel price and the historical high, which was $4.28 in July 2008. By incorporating the two different fuel price variables it is possible to better comment on the drivers behavior based on the differences in the results.
From the creation of the base model, subsequent model were also made by stripping away any statistical insignificant variables to arrive at a final model. This process was completed for both average monthly unleaded fuel price as well as for the difference between the fuel price and the historic high price for coefficient relationships as well as fuel price elasticities. In Appendix B the results for the RE models with robust standard errors for the different stages of the coefficient analysis can be seen. For all of the models the socio-demographic variables were all converted and calculated as dummy variables. Only the individual's age and the associated fuel prices were imported as continuous variables.
Model 1
The base model RE analysis with robust standard errors of the average monthly unleaded fuel price shows a moderately strong R squared value of 0.512 for social science data analysis. For the base model all potentially relevant variables were included.
Variables that either did not satisfy the 95% confidence interval of significance or were thought to be too highly correlated with other variables were eliminated. In Table B1 the base model for the average monthly unleaded fuel price analysis can be seen.
As mentioned in the previous section the income variable was eliminated from the model because it both did not meet the significance requirements for any of its options and was thought to be too correlated and derivative of the education variable which is also more likely to be accurate. Interestingly, the rated miles-per gallon fuel economy of the vehicle was found to have an insignificant relationship with VMT this would seem to be counter-intuitive. The February 2009 dummy variable was eliminated because it was too correlated with the driving behavior of January 2009 which was the default dummy variable for the set. Additionally, whether or not the individual was a student was found to be insignificant. A one month time lagged variable of the total miles traveled variable was included in the model to account for autocorrelation in the model.
Model 2
After eliminating the statistically insignificant variables the final model, see Table   B2 , was developed and will be used for further commenting. The average monthly price was found to be significant with a -3.84 coefficient. This means that for every one cent increase in the average monthly unleaded fuel price the driver will most likely decrease his/her traveling by 3.84 miles per month. The continuous age variable was found to be significant with a -0.839 coefficient, meaning for every one year older the individual is they will drive 0.839 miles less per month. The individuals' gender was significant at the 90% confidence interval and indicated that men will drive 21.73 miles more per month than women. Employed individuals will most likely drive 47.12 miles more than an unemployed individual. The relationships found with the aforementioned sociodemographic variables adhere to conventional wisdom.
The relationships found from the site's dummy variables, using California as the default, were all found to be significant with the general relationship showing that the more populous or urban the city and state was the more the individual drove. The time related variables, in monthly format, were consistently significant while displaying driving behaviors that match up with conventional wisdom of seasonal VMT changes.
The education dummy variables showed that, in relation to individuals with a high school degree set as the default, persons with no high school and some college drove 51.2 and 41.4 miles less respectively than an individual with a high school degree. Finally, the individuals self-identified political scale affiliation showed that a self-identified liberal individual will most likely drive 34.7 miles less per month than a self-identified moderate individual. Little research has been concluded on the different driving behaviors between people of different self-identified political affiliations making this finding interesting but difficult to comment on the relationship.
By changing the fuel price variable to represent the difference between the regional fuel prices and the national historical high for fuel prices the model does not change significantly. The different measurement of fuel price does not alter the magnitude of the relationship, only the sign is changed. However, the same conclusion is observed. The final model's socio-demographic and time variables are the same up to the third decimal place. Because of these results this form of analysis is derivative of the previous analysis. Because of the lack of a difference in the models the final model which used average monthly unleaded fuel price will be the primary model used for interpretations and conclusions.
Model 3
Finally, the dependent variables as well as all other continuous variables were converted to their natural log so their regression coefficients can be interpreted as elasticities in order to determine the fuel price elasticities for VMT. The results of the final model, using the average monthly unleaded fuel price as the fuel price variable, can be seen in Table B3 .
DISCUSSION
The analysis of the impact of fuel price changes to an individual's VMT yielded significant intriguing results. The results of a panel data set linear regression, with sociodemographic variables included, determined the short-run fuel price elasticity of VMT -1.71 valid at the 95% confidence interval with lower and upper bounds of -1.93 and -1.48
respectively. The results for the fuel price elasticities shows that a 1% increase in fuel price will result in the individual decreasing their VMT by 1.71%. The fuel prices during the driving data's collection period ranged dramatically from $1.44 to $3.91 per gallon.
For example, if the gas price were to rise from $3.00 per gallon to $3.50 the short-run change would cause the individual to most likely decrease their VMT by 28.5%.
The fuel price elasticity found is fairly extreme, but can be explained. As 
